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AIR/FUEL IMBALANCE DETECTION SYSTEM 
AND METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/683,811 ?led on May 23, 2005. 
The disclosure of the above application is incorporated 
herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to engine control and 
more speci?cally relates to engine emission control using an 
air/fuel imbalance detection. 

BACKGROUND OF THE INVENTION 

[0003] Internal combustion engines compress and ignite a 
fuel and an air mixture in a cylinder to produce poWer. Any 
imbalance in the air/fuel mixture may produce unWanted 
emissions in exhaust gases exiting the cylinders. An oxygen 
concentration sensor may measure oxygen concentration 
levels in the exhaust gas. By measuring the oxygen concen 
tration in the exhaust gas, the air/fuel mixture may be 
adjusted to improve ef?ciency and reduce unWanted emis 
s1ons. 

SUMMARY OF THE INVENTION 

[0004] A method for detecting emissions from an internal 
combustion engine generally including determining a refer 
ence air/?lel mixture signal based on an engine speed and an 
air?oW into the engine, determining an actual air/fuel mix 
ture signal from an air/fuel mixture sensor, comparing the 
reference air/fuel mixture signal to the actual air/fuel mix 
ture signal, determining Whether an air/fuel imbalance con 
dition occurs based on the comparison, and setting a service 
indicator based on the determination of Whether the air/fuel 
imbalance condition occurred. 

[0005] In one feature, determining the reference air/fuel 
mixture signal includes obtaining a reference signal from a 
look-up table based on the engine speed and the air?oW into 
the engine. 

[0006] In another feature, determining Whether the air/ fuel 
imbalance condition occurs based on the comparison 
includes determining Whether the actual air/fuel mixture 
signal has greater high frequency content than the reference 
air/fuel mixture signal. 

[0007] In still another feature, determining Whether the 
air/fuel imbalance condition occurs based on the comparison 
includes determining Whether the actual air/fuel mixture 
signal has a longer trace length than the reference air/fuel 
mixture signal. 

[0008] Further areas of applicability of the present inven 
tion Will become apparent from the detailed description 
provided hereinafter. It should be understood that the 
detailed description and speci?c examples, While indicating 
the preferred embodiment of the invention, are intended for 
purposes of illustration only and are not intended to limit the 
scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The present invention Will become more fully 
understood from the detailed description, the appended 
claims and the accompanying draWings, Wherein: 
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[0010] FIG. 1 is a schematic diagram illustrating an 
engine including a control constructed in accordance With 
the teachings of the present invention; 

[0011] FIG. 2 is a diagram illustrating an exemplary 
increase in high-frequency content in an air/fuel mixture 
sensor signal as air?oW into an engine and engine speed 
increases; and 

[0012] FIG. 3 is a How chart illustrating an exemplary 
air/fuel imbalance detection system constructed in accor 
dance With the teachings of the present invention. 

DETAILED DESCRIPTION OF THE VARIOUS 
EMBODIMENTS 

[0013] The folloWing description of the various embodi 
ments is merely exemplary in nature and is in no Way 
intended to limit the invention, its application or uses. As 
used herein, the term module refers to an application speci?c 
integrated circuit (ASIC), an electronic circuit, a processor 
(shared, dedicated, or group) and memory that executes one 
or more softWare or ?rmware programs, a combinational 

logic circuit, and/or other suitable components and combi 
nations thereof that provide the described functionality. 
Moreover, vehicle control modules may communicate With 
various vehicle systems using digital and/or analog inputs 
and outputs and/or an automotive communications netWork 
including, but not limited to, the folloWing commonly used 
vehicle communications netWork standards: CAN, SAE 
J 1850, and GMLAN. 

[0014] Referring noW to FIG. 1, a vehicle 10 includes an 
engine 12 having an air/fuel imbalance detection system 14. 
In one example, the engine 12 is an internal combustion 
engine that produces a torque output, Which may be trans 
mitted to Wheels via a poWer train (not shoWn). By Way of 
the above example, the engine 12 includes an intake mani 
fold 16 and a throttle 18 that regulates air?oW into the intake 
manifold 16. The air?oW from the intake manifold 16 and 
fuel from a fuel pump 20 is distributed into a plurality of 
cylinders 22 and ignited by an ignition system 24. While 
four cylinders 22 are illustrated in FIG. 1, it Will be 
appreciated that a varying number of cylinders 22 may be 
used, for example, 2, 3, 5, 6, 8, 10, 12 etc. 

[0015] Each of the cylinders 22 includes an intake valve 
26, an exhaust valve 28, a spark plug 30, and a fuel injector 
valve 32 to regulate combustion in the cylinders 22. Each of 
the cylinders may have more than one intake valve 26, 
exhaust valve 28, spark plug 30, and/or fuel injector valve 
32. An overhead camshaft (not shoWn) or push rods With an 
internal cam (not shoWn) may actuate each of the intake 
valves 26 and the exhaust valves 28 via rocker arms or cam 
folloWers (not shoWn). Each of the spark plugs 30 may 
connect to the ignition system 24 and ignite the air/fuel 
mixture in each cylinder 22. The fuel pump 20 may pres 
suriZe fuel Within a fuel system that is delivered to each of 
the fuel injector valves 32 and is selectively atomiZed into 
the respective cylinder 22. 

[0016] An exhaust manifold 34 receives exhaust (i.e., 
combustion gases) from each of the cylinders 22 and sends 
the exhaust through an exhaust pipe 36 to a mu?ler 38. From 
the muf?er 38, the exhaust vents to the atmosphere. A 
catalytic converter 40 may couple betWeen the exhaust pipe 
36 and the mu?ler 38 to reduce emissions in the exhaust. 
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[0017] In one example, an air/fuel mixture sensor 42 may 
couple to the exhaust pipe 36 at a location between the 
exhaust manifold 34 and the catalytic converter 40. The 
air/fuel mixture sensor 42 samples exhaust gases traveling 
through the exhaust pipe 36 and may detect, for example, 
oxygen concentration, exhaust gas temperature and/or 
humidity of the exhaust gas. One type of air/fuel mixture 
sensor 42 may be, for example, an oxygen concentration 
sensor (02 sensor) that detects diatomic oxygen content in 
the exhaust gas and sends an air/fuel mixture signal 44 to a 
control module 46. The air/fuel mixture signal 44 may 
include a voltage that is commensurate With the quantity of 
oxygen. 

[0018] In one example, the signal 44 from the air/fuel 
mixture sensor 42 may have a sinusoidal-shape because of 
the reciprocal nature on the internal combustion engine 12. 
In one example, the air/fuel mixture sensor 42 is an oxygen 
concentration sensor that supplies an oxygen concentration 
signal. As the engine speed increases and/or air?oW into the 
engine 12 increases, the frequency and/or the magnitude of 
the signal 44 may increase. It may be shoWn that When 
air/fuel imbalance occurs in the engine 12, the signal 44 
from the air/fuel mixture sensor 42 Will have additional 
high-frequency content in addition to a portion of the signal 
from normal combustion. In one example, one fuel injector 
in the respective cylinder may become partially clogged and 
thus impede proper combustion. The improper combustion 
may produce unWanted emissions. Notwithstanding, other 
fuel injectors in the engine 12 may operate in a normal 
fashion. By Way of the above example, the air/fuel mixture 
sensor 42 Would produce additional high-frequency content 
due to the abnormally operating (e. g., partially clogged) fuel 
injector. 

[0019] The control module 46 controls various operations 
of the air/fuel imbalance detection system 14 and engine 12 
based on various inputs including engine operating param 
eters 48 and operator inputs 50. While a single control 
module 46 is shoWn, one or more control modules 46 may 
be implemented. Furthermore, the control module 46 may 
include various submodules. The operating parameters 48 
may include, for example, environmental indicators such as 
ambient humidity, temperature and/or air pressure. The 
operator inputs 50 may include, for example, an accelerator 
pedal position, a brake pedal position and other inputs 
knoWn in the art. A telematics system 52, such as OnStar®, 
may also provide input and receive output from the control 
module 46. Moreover, the telematics system 52 may com 
municate With a remote service facility 54. 

[0020] The control module 46 may communicate With the 
air/fuel mixture sensor 42 and receive the air/fuel mixture 
signal 44 therefrom. The control module 46 may also 
communicate With an engine sensor 54. The engine sensor 
54 may include one or more sensors that may communicate, 
for example, engine speed, engine temperature and/or 
engine oil pressure to the control module 46. The control 
module 46 may communicate With a throttle sensor 56 to 
determine and/or control a position of the throttle 18. The 
throttle sensor 56 may include one or more sensors. For 

example, the throttle sensor 54 may include an air?oW 
sensor that determines the amount of air ?oWing into the 
intake manifold 16 doWnstream of the throttle 18. In another 
example, the throttle sensor 56 may include a temperature 
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sensor and a humidity sensor to determine the temperature 
and humidity of air?oW into the intake manifold 16. 

[0021] With reference to FIG. 2, the control module 46 
(FIG. 1) may include a look-up table 100. The look-up table 
100 includes a ?rst axis 102 that represents increasing (right 
to left) engine speed (e.g., in revolutions per minute). A 
second axis 104 represents increasing (bottom to top) air 
?oW (e.g., in cubic feet per minute) through the intake 
manifold 16 (FIG. 1). A ?rst Waveform 106 represents the 
air/ fuel mixture signal 44 from the air/ fuel mixture sensor 42 
(FIG. 1). In one example, the ?rst Waveform 106 is a 
graphical representation of the signal 44 expressed in volt 
age (e.g., in micro-volts) over a time period (e.g., in seconds) 
from the air/fuel mixture sensor 42. By Way 0 the above 
example, the voltage is a based on (i.e., a function of) an 
oxygen concentration in the exhaust gases. The Waveform 
106 may have the sinusoidal-shape because of the recipro 
cating nature of the internal combustion engine 12. A second 
Waveform 108 is also a graphical representation of the signal 
44 voltage expressed over time and shoWs a Waveform of 
increased frequency and/or magnitude because of the 
increased engine speed and/or air?oW into the engine 12 
(FIG. 1). 
[0022] The ?rst Waveform 106 has a ?rst axis 110 that 
represents time (e.g., in seconds) and a second axis 112 that 
represent voltage (e.g., in micro-volts). The second Wave 
form 108 has ?rst axis 114 that represents time (e.g., in 
seconds) and a second axis 116 that represent voltage (e.g., 
in micro-volts). It Will be appreciated that While not spe 
ci?cally illustrated, the look-up table 100 contains a plural 
ity of Waveforms that represent the signals 44 from the 
air/fuel mixture sensor 42 (FIG. 1) based on engine speed 
and air?oW into the engine 12 (FIG. 1). 

[0023] In one example, a time increment over Which each 
reference signal from the air/ fuel mixture sensor 42 obtained 
is ?ve seconds. By Way of the above example, a plurality of 
reference signals each having a ?ve-second time increment 
is stored in the look-up table 100. The reference signals are 
based on engine speed and/or air?oW and may be accessed 
by the control module 46 for comparison to an actual signal 
44 from the air?oW mixture sensor 42. It Will be appreciated 
that the period time may vary based various considerations, 
for example engine siZe, operating parameters and/ or engine 
speed. It Will also be appreciated that the look-up table 100 
may be populated With the plurality of reference Waveforms 
in an a priori fashion (e.g., pre-programmed in a factory 
setting) and/or in an in-situ fashion (i.e., programmed (or 
re-programmed) at some point after delivery of the vehicle 
to the customer). The look-up table 100 may also be 
programmed (or re-programmed) via the telematic system 
52. 

[0024] With reference to FIGS. 1 and 2, the air/fuel 
imbalance detection system 14 may determine an air/fuel 
imbalance that may produce unWanted emissions. The air/ 
fuel mixture sensor 42 detects the actual air/fuel mixture 
signal 44. The signal 44 is acquired over a predetermined 
period of time, for example, ?ve seconds. At the end of the 
predetermined period of time, the air/fuel imbalance detec 
tion system 14 associates the period time With an engine 
speed and an air?oW. A reference signal from the air/fuel 
mixture sensor 42 based on the associated engine speed and 
the associated air?oW is obtained and compared to the actual 
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air/fuel mixture signal 44. It Will be appreciated that the 
reference signal from the air/fuel mixture sensor may be 
acquired from the look-up table 100. Based on the compari 
son, the air/fuel imbalance detection system 14 determines 
if an air/fuel imbalance condition occurs. When the air/fuel 
imbalance occurs, the air/fuel imbalance detection system 
14 may set a service indicator. Based on the service indi 
cator, the air/fuel imbalance detection system 14 may illu 
minate a service light, adjust the amount of fuel injected by 
the fuel injectors and/or contact a remote service facility 
through the telematic system 52. 

[0025] In one example, the signal from the air/fuel mixture 
sensor 42 Will not indicate an air/fuel imbalance in the 
engine 12. In another example, the engine 12 may operate 
With additional fuel (i.e., run rich) than in a nominal con 
dition. By Way of the above examples, a non-nominal 
condition includes, but is not limited to, an engine 12 
operating beloW normal operating temperature (e.g., a cold 
engine), Which may require the engine 12 to operate With a 
rich air/fuel mixture. More speci?cally, the control module 
46 may control fuel How to the engine 12 based on a 
stoichiometric estimation of hoW much fuel is needed in the 
engine 12. In this arrangement, the air/fuel mixture sensor 
42 may be in a closed loop control With the fuel injectors 30 
and the control module 46. In a non-nominal condition, the 
fuel injectors 30 add more or less fuel then the stoichiomet 
ric estimate to provide, for example, the rich air/fuel mix 
ture. In this arrangement, there may be an open-loop control 
of the fuel injectors 30 and the air/fuel mixture sensor 42 
rather than a closed-loop control. It Will be appreciated that 
the air/fuel mixture sensor 42 may sample the exhaust gases 
to stoichiometrically estimate hoW much fuel is needed for 
combustion in the engine 12. 

[0026] With reference to FIG. 3, a fuel imbalance detec 
tion system 200 determines a high frequency content in the 
signal 44 (FIG. 1) from an air/fuel mixture sensor 42 (FIG. 
1) to determine if an air/fuel imbalance has occurred. In step 
202, control determines Whether the system is ready. The 
system ready determination may be based on control module 
faults, operating parameters, engine speed and engine load. 
The engine ready determination may also be based on 
Whether the engine 12 is in closed loop control With the 
air/fuel mixture sensor. If the system is ready, control 
continues in step 204. If the system is not ready, control 
ends. 

[0027] In step 204, control samples the air/fuel mixture 
sensor 42 (FIG. 1). In one example, the air/fuel mixture 
sensor 42 is an O2 sensor. In one example, control samples 
the air/fuel mixture sensor 42 over a predetermined period, 
for example ?ve seconds. It Will be appreciated that other 
periods may be used that may otherWise be suitable for 
certain engine models and certain operating parameters. It 
Will also be appreciated that the signal 44 (FIG. 1) from the 
air/fuel mixture sensor 42 may be expressed in voltage and 
be in a sinusoidal pattern. 

[0028] In step 206, control determines Whether enough 
samples have been collected. Control determines, for 
example, that enough sample have been collected When 
there is sufficient data obtained throughout the above-deter 
mined period. In one example, voltage is collected in about 
12.5 millisecond increments over a ?ve-second period, thus 
collecting 400 voltage samples. When control has deter 
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mined that enough samples have been collected, control 
continues in step 208. When control determines that enough 
samples have not been collected, control loops back to step 
204. 

[0029] In step 208, control determines characteristics of 
the output from the air/fuel mixture sensor 42 (FIG. 1). In 
one example, control determines the length of a signal trace 
(i.e., graphical representation of the Waveform) from the 
air/fuel mixture sensor 42. More speci?cally, control deter 
mines the length of the trace from the air/ fuel mixture sensor 
42 by measuring individual line segment lengths over the 
period. By Way of the above example, the voltage is acquired 
about every 12.5 milliseconds therefore a ?rst voltage (i.e., 
V1) is acquired at a ?rst time (i.e., T1) and a second voltage 
(i.e., V2) is acquired at a second time (i.e., T2). A third 
voltage (i.e., V3) is acquired at a third time (i.e., T3), such 
that the difference betWeen the ?rst time (T1) and the second 
time (T2) and the third time (T3) is, for example, about 12.5 
milliseconds respectively. The folloWing equations may be 
used, for example, to determine the length of the trace from 
the ?rst voltage (V1) to the second voltage (V2) and the 
second voltage (V 2) to the third voltage (V3). 

[0030] By Way of the above example, about 400 samples 
may be collected When each sample is collected over about 
the 12.5 millisecond increment and the sample length is 
about 5 seconds. The folloWing equation may be used to sum 
all of the individual line segment values to get an estimation 
of trace length across the sample. 

[0031] Wherein n=l, 2, 3 . . . 397, 398, 399 and m=n+l. 

[0032] It Will be appreciated that the above formulae for 
line segment length only approximates the length of the 
sinusoidal Waveform, as the above equations assume a 
straight-line measurement. Notwithstanding, the above 
equations may also be used to determine trace length of each 
of the reference Waveforms in the look-up table 100 (FIG. 
2) for comparison thereWith. As such, the estimation has 
been shoWn to provide sufficient accuracy. In another 
example, control may determine trace length and/or other 
characteristics of the Waveform using other suitable math 
ematical principles, for example but not limited to, Fourier 
transforms and/or other Waveform matching algorithms. 

[0033] In step 210, control determines engine parameters. 
In one example, control determines engine speed and air?oW 
into the intake manifold 16 (FIG. 1). In another example, 
control may determine engine load, ambient temperature, 
and throttle position. In step 212, control compares the 
output from the air/fuel mixture sensor 42 (i.e., the actual 
signal) to a reference value (e.g., an earlier acquired signal) 
Whose selection is based on the vehicle parameters deter 
mined in step 210. In one-example, control compares the 
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actual signal obtained from the air/fuel mixture sensor 42 
(FIG. 1) and compares it to the reference signal obtained in 
the look-up table 100 (FIG. 2). The engine parameters, 
determined in step 210, are associated With the actual signal 
determined in step 208. The same engine parameters are 
associated With a Waveform in the look-up table 100 to 
obtain a reference signal therefrom. In one example, control 
may compare the relative high frequency content of the 
actual output signal and the reference signal. In another 
example, control may determine the length of the signal 
trace of the actual signal from the air/fuel mixture sensor. 
Control then compares the actual signal trace length to the 
reference signal trace length. By Way of the above example, 
control may determine if the high frequency content of the 
actual signal from the air/fuel mixture sensor has relatively 
greater high frequency content than the reference signal. 

[0034] In step 214, control determines Whether an air/fuel 
imbalance exists in the engine 12. In one example, control 
determines Whether the actual signal 44 (FIG. 1) from the 
air/fuel mixture sensor 42 has greater high frequency content 
than the reference signal. When control determines that the 
actual signal 44 from the air/fuel mixture sensor 42 has less 
high frequency content than the reference signal, control 
continues in step 216. When control determines that the 
actual signal 44 from the air/fuel mixture sensor 42 has 
greater high-frequency content than the reference signal, 
control continues in step 218. In step 216, control sets a pass 
?ag. From step 216, control ends. In step 218, control sets 
a fail ?ag. From step 218, control continues in step 220. 

[0035] In step 220, control may set a service indicator. 
Setting of the service indicator may include notifying the 
driver of a problem With the engine 12. In one example, 
setting of the service indicator may include illuminating an 
indicator on the dashboard (not shoWn). In another example, 
setting the service indicator may include setting a ?ag in the 
control module 46 (i.e., the engine computer), so When the 
driver brings the vehicle to a service facility, a service 
technician may detect the ?ag during an exemplary diag 
nostic procedure (not shoWn but Well knoWn in the art). 

[0036] In step 222, control may adjust the fuel injection 
system parameters to compensate for the imbalance. In one 
example, the fuel injection valves may be adjusted to 
compensate for blockage in one or more fuel injection valve. 
One such imbalance correction system, for example, is 
disclosed in commonly assigned U.S. Pat. No. 6,668,812, 
entitled Individual Cylinder Controller for Three-Cylinder 
Engine, issued Dec. 30, 2003, Which is hereby incorporated 
by reference as if fully set forth herein. 

[0037] In step 224, control may communicate the service 
indicator via a telematic system 52 (FIG. 1) to a customer 
service facility 54 (FIG. 1). In one example, control may 
communicate that an air fuel imbalance has occurred and 
further communicate the results of the above test via the 
telematic system 52 to the customer service facility 54. Form 
step 224, control ends. 

[0038] Those skilled in the art can noW appreciate from 
the foregoing description that the broad teachings of the 
present invention may be implemented in a variety of forms. 
Therefore, While this invention has been described in con 
nection With particular examples thereof, the true scope of 
the invention should not be so limited since other modi? 
cations Will become apparent to the practitioner upon a study 
of the draWings, the speci?cation and the folloWing claims. 
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What is claimed is: 
1. A method for detecting emissions from an internal 

combustion engine comprising: 

determining a reference air/fuel mixture signal based on 
an engine speed and an air?oW into the engine; 

determining an actual air/fuel mixture signal from an 
air/fuel mixture sensor; 

comparing said reference air/fuel mixture signal to said 
actual air/fuel mixture signal; 

determining Whether an air/fuel imbalance condition 
occurs based on said comparison; and 

setting a service indicator based on said determination of 
Whether said air/fuel imbalance condition occurred. 

2. The method of claim 1 Wherein determining said 
reference air/fuel mixture signal includes obtaining a refer 
ence signal from a look-up table based on said engine speed 
and said air?oW into the engine. 

3. The method of claim 1 Wherein determining Whether 
said air/fuel imbalance condition occurs based on said 
comparison includes determining Whether said actual air/ 
fuel mixture signal has greater high-frequency content than 
said reference air/fuel mixture signal. 

4. The method of claim 1 Wherein determining Whether 
said air/fuel imbalance condition occurs based on said 
comparison includes determining Whether said actual air/ 
fuel mixture signal has a longer trace length than said 
reference air/fuel mixture signal. 

5. The method of claim 1 further comprising locating said 
air/ fuel mixture sensor upstream of a catalytic converter and 
doWnstream of an exhaust manifold. 

6. The method of claim 1 further comprising adjusting at 
least one fuel injection valve based on said determination of 
Whether said air/fuel imbalance condition occurred. 

7. The method of claim 1 further comprising contacting a 
remote service facility via a telematic system based on said 
determination of Whether said air/ fuel imbalance condition 
occurred. 

8. A method for detecting emissions from an internal 
combustion engine comprising: 

determining a reference oxygen concentration signal 
based on an engine speed and an air?oW into the 
engine; 

determining an actual oxygen concentration signal based 
on an oxygen concentration sensor; 

comparing said reference oxygen concentration signal to 
said actual oxygen concentration signal, Wherein said 
comparison includes comparing a trace length of said 
reference oxygen concentration signal to a trace length 
of said actual oxygen concentration signal; and 

determining Whether an air/fuel imbalance condition 
occurs When said trace length of said actual oxygen 
concentration signal is greater than said trace length of 
said actual oxygen concentration signal. 

9. The method of claim 8 further comprising setting a 
service indicator based on said determination of Whether 
said air/fuel imbalance condition occurred. 

10. The method of claim 8 Wherein determining said 
reference oxygen concentration signal based on said engine 
speed and said air?oW into the engine includes obtaining a 
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reference signal from a look-up table based on said engine 
speed and said air?ow into the engine. 

11. The method of claim 8 Wherein determining Whether 
said air/fuel imbalance condition occurs based on said 
comparison includes determining Whether said actual oxy 
gen concentration signal has greater high-frequency content 
than said reference oxygen concentration signal. 

12. The method of claim 8 Wherein determining Whether 
said air/fuel imbalance condition occurs based on said 
comparison includes determining Whether said actual oxy 
gen concentration signal has a longer trace length than said 
reference oxygen concentration signal. 

13. The method of claim 8 further comprising locating 
said oxygen concentration sensor upstream of a catalytic 
converter and doWnstream of an exhaust manifold. 

14. The method of claim 8 further comprising adjusting at 
least one fuel injection valve based on said determination of 
Whether said air/fuel imbalance condition occurred. 

15. The method of claim 8 further comprising contacting 
a remote service facility via a telematic system based on said 
determination of Whether said air/fuel imbalance condition 
occurred. 

16. An air/fuel imbalance detection system comprising: 

an engine having at least one cylinder that produces 
combustion gases; 

an exhaust manifold connected to said at least one cylin 

der; 
an air/fuel mixture sensor connected to said exhaust 

manifold that samples said combustion gases; and 

a control module that determines a reference air/fuel 
mixture signal based on an engine speed and an air?oW 
into said engine, that determines an actual air/fuel 
mixture signal based from said air/fuel mixture sensor 
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that compares said reference air/fuel mixture signal to 
said actual air/fuel mixture signal, that determines 
Whether an air/fuel imbalance condition occurs based 
on said comparison, and that sets a service indicator 
based on said determination of Whether said air/fuel 
imbalance condition occurred. 

17. The air/fuel imbalance detection system of claim 16 
Wherein said control module sets a service indicator based 
on said determination of Whether said air/fuel imbalance 
condition occurred. 

18. The air/fuel imbalance detection system of claim 16 
Wherein said control module obtains a reference signal from 
a look-up table based on said engine speed and said air?oW 
into the engine. 

19. The air/fuel imbalance detection system of claim 16 
Wherein said control module determines Whether said actual 
air/fuel mixture signal has greater high-frequency content 
than said reference air/fuel mixture signal. 

20. The air/fuel imbalance detection system of claim 16 
Wherein said control module determines Whether said actual 
air/fuel mixture signal has a longer trace length than said 
reference air/fuel mixture signal. 

21. The air/fuel imbalance detection system of claim 16 
Wherein said air/fuel mixture sensor is upstream of a cata 
lytic converter. 

22. The air/fuel imbalance detection system of claim 16 
Wherein said control module adjusts at least one fuel injec 
tion valve based on said determination of Whether said 
air/fuel imbalance condition occurred. 

23. The air/fuel imbalance detection system of claim 16 
Wherein said control, module contacts a remote service 
facility via a telematic system based on said determination 
of Whether said air/fuel imbalance condition occurred. 


